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1
Bickley (sei2 . 1)
. Gulf strcam Bickley
(Rossby &Zhang 2001). 2 Euler 2 Navicr-Stokes
Bicklcy (c.g. Drazin &Rcid
2004). , .
Charncy-Hasegawa-Mima
(CHM) ( ) (c.g. Pcdlosky 1987)
$\frac{\partial q}{\partial t}+\partial(\psi,q)=0$ , $q=\nabla^{2}\psi-\lambda^{2}\psi+\beta y$ , (1)
. , $\psi(x, y, t)$ , $q$ , $\nabla^{2}=\partial_{x}^{2}+\partial_{y}^{2}$,
$\partial(A, B)=A_{x}B_{y}-A_{y}B_{x},$ $\lambda=L/R_{d},$ $L$ , $R_{d}$ Rossby
. , $\beta y$ (
) . $\beta$ .









Bicklcy . , 3 Bickley
.
2Biddey Liapunov
CHM $\psi(x, y, t)=\Psi(y)+\tilde{\psi}(x,y, t)$ . $\Psi(y)$ CHM
$Q(y)=\Psi_{yy}-\lambda^{2}\Psi+\beta y$ $\partial(\Psi, Q)=0$ . $\tilde{\psi}$




, $\tilde{q}=\nabla^{2}\tilde{\psi}-\lambda^{2}\tilde{\psi}$ . $\Psi$
Liapunov Hamilton (c.g. Holm $et$
al. 1985). 2.1 Hamilton review .
2. 1 Hamilton
Hamilton (e.g. Morrison 1998) . Euler
( Clebsch potcntials)
$H_{\mathfrak{W}1}ilton$ .
$q(x, t)$ . Hamilton
$\frac{\partial q}{\partial t}=J\frac{\delta \mathcal{H}}{\delta q}$ (2)
. \sim , $J$ , $\mathcal{H}[q]$ Hamiltonian
. $\delta \mathcal{H}/\delta q$ $\mathcal{H}[q]$ ,
$\delta \mathcal{H}[q;\delta q]\equiv\lim_{\epsilonarrow 0}\frac{\partial}{\partial\epsilon}\mathcal{H}[q+\epsilon\delta q]\equiv\int(\frac{\delta \mathcal{H}}{\delta q})^{T}\delta qdx$ (3)
. $\delta \mathcal{H}[q;\delta q]$ . $\mathcal{F}[q],$ $\mathcal{G}[q],$ $Q[q]$
,
$[ \mathcal{F}, \mathcal{G}]\equiv\int(\frac{\delta \mathcal{F}}{\delta q})^{T}J\frac{\delta \mathcal{F}}{\delta q}dx$ (4)
Poisson
$[\mathcal{F}, \mathcal{G}]=\dashv \mathcal{G},\mathcal{F}]$ , (5)
$[[\mathcal{F},\mathcal{G}],$ $Q$] $+[[\mathcal{G}, Q],\mathcal{F}]+[[Q,\triangleleft,\mathcal{G}]=0$, (6)
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. (5), (6) , Jacobi . $J$
(2) . , $J$ (2)
. Hamilotn (2)
$[\mathcal{F},C]=0$ , $\forall \mathcal{F}[q]$ (7)
$C[q]$ . $C[q]$ Casimir . (4) (7) , Casimir
$C[q]$
$J\frac{\delta C}{\delta q}=0$ (8)
. $J$ , (2) Casimir
.
2.2 CHM $Hamiltor|$,
CHM Hamilton (Wcinstcin 1983; Swatcrs
2000).
$\frac{\partial q}{\partial t}=J\frac{\delta \mathcal{H}}{\delta q}$ , $\mathcal{H}[q]=\frac{1}{2}\int\int_{D}\{|\nabla\psi|^{2}+\lambda^{2}\psi^{2}\}dxdy$ , $J(*)=-\partial(q,*)$ (9)
. $D$ (
). CHM CasImir
$C[q]= \iint_{D}\{\int^{q}C(\xi)d\xi\}$ dxdy (10)




Liapunov (c.g. Hirsch &Smalc 1974)
. 2 $x(t)=(x(t), y(t))$ ,
Xo ( 2). $\dot{V}=dV/dt\leq 0$ , $x=x_{()}$ $V(x)$
$V(x)$ (Liapunov ) , xo
(c.g. Hirsch &Smale 1974).
, $\nabla V=(\partial V/\partial x,\partial V/\partial y)$ $\dot{V}=\nabla V\cdot\dot{x}\leq 0$ , $\nabla V$
$\dot{x}$ 90 ( 2). , $\dot{x}$ $V$
(Xo ) , $x$ $X_{()}$ (V $x_{0}$ ,
$\nabla V$ $V$ , ). , Liapunov .
$\dot{V}=0$ ( $V$ ) $V$ .
, $\nabla V$ $\dot{x}$ , $\dot{x}$ $V$ .
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). 23 , Liapunov Hamiltonian .
, CHM $\delta \mathcal{H}[\Psi]=0$ $\Psi=0$ (
Hamilton $J$ . Salmon 1998;
Morrison 1998), . Hamiltonian Casimir
(Arnold 1966, Holm et al.
1985). , Impulse Casimir (c.g. Shcphcrd 1990). CHM
Liapunov , :
$\mathcal{P}[q]=C[q]-\mathcal{M}[q]=\iint_{D}\{\int^{q}C(\xi)d\xi-y(q-y)\}dxdy$ . (12)
$\delta P[q]=\int\int_{D}\{C(q)-y\}\delta qdxdy$ (13)
. $\delta \mathcal{P}[\Psi]=0$ $C(Q)=y$ . Casimir $C$ $Y$
. $Y$ $Q(y)$ ( $Y(Q)=y$). $\mathcal{P}_{N}\equiv \mathcal{P}[q]-\mathcal{P}[Q]$
:
$\mathcal{P}_{N}=\iint_{D}\{\int_{Q}^{q}Y(\xi)d\xi-y\tilde{q}\}dxdy=\iint_{D}\{\int_{\iota)}^{\overline{q}}\{Y(Q+\xi)-Y(Q)\}d\xi\}dxdy$
$= \iint_{D}\{\int_{0}^{\tilde{q}}\{\int_{Q}^{Q+\xi}Y’(w)dw\}d\xi\}$ dxdy. (14)
$a_{1},$ $a_{2}$
$0<a_{1}\leq Y’\leq a_{2}<\infty$ (15)
53
, (14)
$0< \iint_{D}\{\int_{()}^{\overline{q}}\{\int_{Q}^{Q+\xi}a_{1}dw\}d\xi\}dxdy=\iint_{D}\{\int^{\tilde{q}}a_{1}\xi d\xi\}$ dxdy
$= \frac{1}{2}a_{1}||q||^{2}\leq \mathcal{P}_{N}\leq\frac{1}{2}a_{2}||q||^{2}$, (16)
$||q||^{2} \equiv\iint_{D}\tilde{q}^{2}$ dxdy (17)
. $\mathcal{P}_{N}$ ( . c.g. Shcphcrd 1990) . $\mathcal{P}_{N}$
(Casimir Impulsc ) , (16)





$||q(0)||<\delta\Rightarrow||q(t)||<\epsilon$ , $\forall t>0$ (20)
$\delta>0$ ( $\delta=\epsilon(a_{1}/a_{2})^{1/2}$ ). , (15)
$\Psi$ (17) Liapunov (
).
(15)
$-\infty<b_{1}\leq Y’\leq b_{2}<0$ (21)
($b_{1},$ $b_{2}$ ) ,
$||q(t)|| \leq(\frac{b_{1}}{b_{2}})^{1/2}||q(0)||$ (22)











3: : $\beta=0.2,$ $\lambda=1.2,1.5$ $Q_{y}$ . : $\beta=(),$ $\lambda=1.0,2.1$ $Q_{y}$ .
$Q_{y}(y)=sech^{2}y(-4\tanh^{2}y+2scch^{2}y+\lambda^{2})+\beta$ (24)
. $\lambda_{c}\approx 1.345\leq\lambda$ $Q_{y}>0$ ( 3), $Y(Q)$ $Q$
$Y’>0$ . , $\max\{Q_{y}\}<\infty$ ( $\max\{Qy\}$ ),
$\min\{Q_{y}\}>0$ $Q_{y}^{-1}=Y$‘ , $\min\{Y’\}>0,$ $ma\partial c\{Y’\}<\infty$ ( (15)
$a_{1}>0$ $a_{2}<\infty$ ) . $\lambda_{c}\approx 1.345\leq\lambda$ (15)
, Bickley Liapunov
((19) ). 0\leq \mbox{\boldmath $\lambda$}<\mbox{\boldmath $\lambda$} (15) (21)
, Bidclcy .
$0\leq\lambda<\lambda_{c}$ , $\lambda_{c}\approx 1.345\leq\lambda$
. 3 .
. $\beta$ $0$ Bicklcy
$Q_{y}(y)=sech^{2}y(-4\tanh^{2}y+2scch^{2}y+\lambda^{2})$ (25)
, $yarrow\pm\infty$ $Q_{y}arrow 0$ ( 3). (19) $a_{2}arrow\infty$





. . $\beta=0$ . CHM
$\frac{\partial\psi}{\partial t}=\frac{1}{2\pi}\iint K_{0}(\lambda|x-x’|)\partial(\psi(x’),q(x’))dx^{j}$ (26)
(Watanabe et al. 1997). $0$ Bessel (z)
$z$ , $zarrow\infty$ $K_{0}(z)arrow cxp(-z)$ , (26) $\lambda$
( ) .
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Parallel shear flow $U(y)$ potential vorticity $O(y)$
$\wedge*$
$- 2- 1.5- 1- 0.500.51$ $t.52$
$y$ $y$
4: : $\lambda=1.0$ (27). : $\lambda=.1.0$ (29).
, Bicklcy ( 4) :
$U(y)=\{\begin{array}{ll}0 (-\infty<y\leq-1)-A_{1}\lambda e^{\lambda y}+A_{2}\lambda e^{-\lambda y} (-1\leq y\leq 0)-A_{2}\lambda e^{\lambda y}+A_{1}\lambda e^{-\lambda y} (0\leq y\leq 1)0 (1 \leq y<\infty)\end{array}$ (27)
$A_{1}=e^{2\lambda}A_{2},$ $A_{2}=\{\lambda(-e^{2\lambda}+1)\}^{-1}$ . $\lambda>0$
$U(O)=1,$ $U(y)=U(-y)$ , $-1\leq y\leq 0$ $U(y)$ . (27)
$\Psi(y)=\{\begin{array}{ll}-\lambda^{-2}Q_{1} (-\infty<y\leq-1)A_{1}e^{\lambda y}+A_{2}e^{-\lambda y}-\lambda^{-2}Q_{2} (-1\leq y\leq 0)-A_{2}e^{\lambda y}-A_{1}e^{-\lambda y}-\lambda^{-2}Q_{3} (0\leq y\leq 1)-\lambda^{-2}Q_{4} (1\leq y<\infty)\end{array}$ (28)
,
$Q(y)=\{\begin{array}{ll}Q_{1} (-\infty<y\leq-1)Q_{2} (-1\leq y\leq 0)Q_{3} (0\leq y\leq 1)Q_{4} (1 \leq y<\infty)\end{array}$ (29)
$Q_{1},$ $Q_{2},$ $Q_{3},$ $Q_{4}$ ( 4) .
(27) , ( ).
(27) $y=0,$ $\pm 1$ $Q_{y}$ . $y=0$
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5: : $\lambda=1.0$ (30). : $\lambda=1.0$ (31).
(27)
$U(y)=\{\begin{array}{ll}-A_{1}\lambda e^{\lambda y}+A_{2}\lambda e^{-\lambda y} (-\infty<y\leq 0)-A_{2}\lambda e^{\lambda y}+A_{1}\lambda e^{-\lambda y} (0\leq y<\infty)\end{array}$ (30)
, $y=1$ (27)
$U(y)=\{\begin{array}{ll}-A_{2}\lambda e^{\lambda y}+A_{1}\lambda e^{-\lambda y} (y\leq 1)0 (1 \leq y<\infty)\end{array}$ (31)
( 5). (30) (31) . , CHM
Rayleigh ($Q_{y}$ normal mode
) ( ). (30) (31)
, (27) ,
. ,
(Cairns 1979; Hayashi&Young 1987; Sakai 1989; Iga 1993).
, ,
. , (27) .





. (27) $Q_{y}=0$ (33)
$\hat{\psi}_{yy}+(-k^{2}-\lambda^{2})\hat{\psi}=0$ (34)
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. $Zarrow\pm\infty$ $\hat{\psi}arrow 0$ (34)
$\hat{\psi}(y)=\{\begin{array}{ll}B_{1}e^{\alpha y} (-\infty<y\leq-1)B_{2}e^{\mathfrak{a}y}+B_{3}e^{-\alpha y} (-1\leq y\leq 0)B_{4}e^{\alpha y}+B_{5}e^{-\alpha y} (0\leq y\leq 1)B_{6}e^{-\alpha y} (1\leq y<\infty)\end{array}$ (35)
. $\alpha=\sqrt{\lambda^{2}+k^{2}}$ , $B_{1}$ $B_{6}$ . $\hat{\psi}$
$y=0,$ $\pm 1$ (35)
$B_{1}e^{-\alpha}=B_{2}e^{-\alpha}+B_{3}e^{\alpha}$ , $B_{2}+B_{3}=B_{4}+B_{5}$ , $B_{4}e^{\alpha}+B_{5}e^{-\alpha}=B_{6}e^{-\alpha}$ (36)
. , (33) $y$
$\lim_{earrow 0}(U-c)\{\frac{1}{2\epsilon}[\hat{\psi}_{y}]_{y-\epsilon}^{y+\epsilon}+$ ( $-k^{2}$ $\alpha^{2}$ ) $\hat{\psi}\}+\hat{\psi}\frac{1}{2\epsilon}[Q]_{y-\epsilon}^{y+\epsilon}=0$ at $y=0,$ $\pm 1$ (37)





. $U_{0}=U(O),$ $D_{1}=Q_{2}-Q_{1}=Q_{4}-Q_{3},$ $D_{2}=Q_{\theta}-Q_{2}$ . (36)
(39) ,
$E_{1}c^{2}+E_{2}c+E_{3}=0$ , $E_{1}= \frac{-4\alpha^{2}}{D_{1}}$ $E_{2}=2 \alpha(-1-e^{-2\alpha}+\frac{2\alpha U_{0}}{D_{1}}-\frac{D_{2}}{D_{1}})$, (40)
$E_{3}=2\alpha U_{0}(1+e^{-2\alpha})+D_{2}(-1+e^{-2\alpha})$ (41)
. $c$ . $c$ .
$Im\{c\}>0$ ( ).
6 $\lambda=1.0$ .
. (Cairns 1979) . (27)
, $y=0$ $y=1$ 2




6: : $\lambda=1.0$ ( ). : . ,
(30), (31) .
$\lambda$
7: ( ). $0.25k_{n}^{2}cxp(-\lambda)$ . $k_{m}$
.
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, $y=0$ , $y=1$
( 5) , . 2
.
(30) (31)
$c=U_{0}- \frac{D_{2}}{2\alpha}$ , $c=- \frac{D_{1}}{2\alpha}$ (42)
. , 2
( 6 2 ) .
$\lambda=1.0\sim 4.0$ . 7 . $\lambda$ (
) . ,
, $\lambda$ (
) , . , 7 ,
$0.25k_{m}^{2}cxp(-\lambda)$ ( ) .
4
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